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Introduction. The aim of the article is a mathematical model of 
vibrations of working part of screw conveyer for transporting friable 
loads taking into account the changes of closeness of the processed 
environment, speed of circulation of screw, weight while appearing 
of the phenomenon of resonance. 
Materials and methods. It is recesrced the turning vibrations of 
spiral working part of screw multifunctional conveyer, which 
appeare as a result of action of processing environment. The recerch 
was carried out by mathematical modelling method. 
Results and discussions. The limiting factors which complicate 
a design are the unevenness of the division of environment along the 
length of screw; a body makes flexible vibrations; the motion of the 
processed environment along the working screw causes the small 
vibrations of bend, causes appearance of “additional forces”. For 
providing the authenticity of mathematical model ti has been 
introduced the next suppositions: the working part of screw is turned 
with the permanent angle speed around its longitudinal which in the 
undeformed position coincides coincides with an axis OX; the 
transversal transferring of neutral axis of working screw at the 
arbitrary moment in perpendicular direction of its undeformed 
position is determined by the vector (in relation to the fixed frame of 
reference of OXYZ); the continuous stream of processed 
environment,while its weight changes on unit length slowly along a 
screw and moves with permanent relative (in relation to working 
screw) speed. 
A mathematical model takes into account the limitation and 
supposition for the existent screw conveyer with the length of 2,5 
and 3 m, which is used for moving the friable loads with the 
consistence of 10, 20, 40 kg/m. The alternative parameters are the 
length of the screw,the consistence of the processed environment, 
the speed of circulation ofthe screw , weight 
On the basis of model the dependences of amplitude of 
vibrations on the lengthof screw , cosistence of the processed 
environment, the speed of circulation of the screw, weight are built. 
Conclusions. A mathematical model allows to improve the 
process of development and designing of the screw conveyers of the 
friable loads providing the reliability of process of transportion and 
system “the processed environment – the screw working part”. 
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Introduction 
 
Presently screw conveyers are the part of complex mechanization and automation of 
manufacturing. Creation of new and improvement of the existent constructions ofscrew 
conveyers with the extended technological possibilities assists to further development of 
production and increase of their efficiency of the usige. In the modern constructions of cars 
the usige of screw mechanisms, the nomenclature of which and the specific of exploitation 
grow constantly; specific weight of these mechanisms in lift-shifting cars according to the 
different amounts 40...45 % It is established that functional possibilities and technological 
characteristics of some screw conveyers don't comply the requirements of present time 
fullyaccording to the signs of expansion of nomenclature of technological processes; results 
of theoretical and experimental researches, bench equipment etc.. Accordingly the problem 
of development of the theory and methods of planning of screw conveyers and their 
descriptions is especially actual has the important value for the economy of the country. 
Analysis of the last researches and publications. The conducted analysis of the state 
of the modern technologies and literary-patent search of constructions of cars and 
mechanisms for realization of transporting of friable materials [1-3] has showed that in one 
or another measure they satisfy considerable part of requirements which are pulled out to 
them , however most constructions of working of working parts of conveyers carry out not 
only the forward axial moving of material but also implementation of circulating motion, 
that reduces productivity of such mechanisms. They have a simple construction maximum, 
differ in acompactness and they are reliable in exploitation. At the same time, the 
substantial disadvantage ofscrew mechanisms is reduction of their productivity at large 
frequencies of rotation as a result of increasing of centrifugal forces in the zone of loading 
that leads to increase of power-hungryness of process of transporting such kinds of devices. 
In works [4-8] it was used the method of discrete elements for the analysis of the 
productivity of screw conveyer including visualization of motion of particles, the angular 
and axial speed of particles and on the whole twisty moment and total force. It is built the 
model by application of its periodic border for one step of screw and the particle of friable 
material, it is shown the dependence of the productivity ofscrew conveyer on operating 
conditions. It is set that the equability of the stream depends on the construction ofscrew 
working part and bunker, form of the particles and the force of the friction to walls. The 
results of this research can present better the usige of screw feeders for specific materials. 
In-works [9-13] it was conducted the experiment for determination influence of 
parameterswhich have the most influence on horizontal screw conveyers and also power 
consumption at transporting of grains.So, in works [14] it is adduced the results of 
researches saving transporting of agricultural materials on the horizontal and aslope located 
screw working parts, character of motion of stream of material at its loading [15] and 
overload ing [16], and also moving material by the vertical screws [17] which it is 
expedient to take into account during realization of researches of moving of stream of root 
crops and their cleaning. 
Experimental and separate theoretical researches of the dynamics of working parts of 
screw conveyers [18-19], moving of the processed environment along the last items 
influence on quantitative and on the other occasion and quality descriptions of their 
vibrations. Thus, influence of dynamics of environment grows with the increasing of the 
amount of its relative motion toward the screw working part. At the same time the intensive 
vibrations of screw working part lead to the considerable increase of dynamic tensions, and 
as a result to reduction of operating term of work of machine. At certain conditions of 
exploitation of screw conveyers it can take place both the internal and "external 
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"resonances. Envisaging them is possible only on the base of analysis of decisions of 
mathematical models which are adequate to dynamic process. 
At the same time the questions of the influence of the relative motion of processed 
environment on the turning vibrations of working part which are important for the assement 
of work of screw conveyer have not found the proper illustration in literature.For their 
solution of this task there is a mathematical model of vibrations of working part of screw 
conveyer for transporting friable loads taking into account the change of consistence of the 
processed environment, the speed of circulation of screw, mass at appearance of 
thephenomenon of the resonance. 
 
 
Materials and methods  
 
Materials 
 
The object of the research is the working part of multifunctional screw conveyer which 
is used for transporting of friable materials (forage, chemicals, powders, supplements, etc ). 
The subject of the research is turning vibrations of screw working part of screw 
multifunctional conveyer which arise up as a result of action of processed environment. 
 
Description of the device  
 
The auger compensating multifunctional conveyor is made in the form of a casing 1 
with both front 2 and rear 3 supports. Their height can be changed in order to transport 
materials horizontally and at an angle. The fixed cone trough 4 is firmly fixed to these two 
supports in several variants – the solid one and with the system of through-holes in its 
lower part made in a known way. Inside the fixed conical body 4, a conical screw working 
element 5 with variable steps is installed in the bearing units with the possibility of turning 
and axial displacement. The bearing bushes 5 are welded to the left 2 and the right 3 
supports; in their central openings, the movable cylindrical blocks 6 are set. The bearings 
are rigidly installed in the middle of blocks; the internal holes of bearing are in contact with 
the shaft 7 ends of the conical auger 5 with the possibility of axial displacement. 
 
 
 
Figure 1. Schematic construction of the auger compensating multifunction conveyor 
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The ends of movable blocks 6 are covered with lids. A screw 9 is rigidly welded to the 
left lid 8 of the cylindrical block 6. The screw is in contact with the adjusting nut 10, which 
is firmly mounted in the axial groove of the lid 11 of the movable cylinder block 6. In 
addition, the stopper 13 are firmly fixed to the left and right ends of the shaft 7 of the 
cylindrical movable block 6. They prevent the movement of transport mass beyond the 
screw working body.  
Similarly, at the right end of the screw cone working body, the structure is the same, 
but the difference is that the ends of the shaft 7 are made with an elongated cut 14, to which 
the drive shaft 15 of the conveyor is connected. In the loading zone, the boot pipe 16 is 
installed, and in the unloading zone, the discharge nozzle 17 is installed as well. To fix the 
screw conical working body 5, in the moving blocks 6, the axial slots 19 are made with 
screw fixing elements 20. The system is controlled from the console 21. 
 
 
Results and discussion 
 
Formulation of the problem 
 
In case of the screw working body, the task is considerably complicated: firstly, due to 
the uneven distribution of the medium along the auger length; secondly, the body performs 
bending oscillations; thirdly, the movement of the processed medium along the working 
screw, which carries even small bending oscillations, causes the occurrence of ‘additional 
forces’, which moments must be factored in the differential equation of torsional 
oscillations of the system ‘processed environment – screw working body’. Thus, in order to 
study the torsional oscillations of the screw conveyor working body, a ‘refined’ differential 
equation of the indicated oscillations should be deduced.  
 
Basic assumptions about the object under study 
 
a. The working auger screw rotates with a constant angular velocity   around its 
longitudinal axis, which in the undeformed position coincides with the axis OX; 
b. The transverse movement of the neutral axis of the working screw at an arbitrary 
moment in the direction perpendicular to its undeformed position is determined (with 
respect to the fixed reference frame of the OXYZ) by the vector 
   , ,r u x t j w x t k 

; 
c. A continuous flow of the processed medium, which mass per unit length m  slowly 
varies along the length of the screw (  m m x ) and moves with a constant relative 
(relative to the working auger screw) velocity V . 
 
Mathematical model solution 
 
A differential equation with partial derivatives is known to be a mathematical model of 
torsional oscillations of a rectilinear body 
 
2
2
, , ,I GJ Q
x x t xt
                  
   
                    (1) 
 
under boundary conditions, which are consistent with the method of body fixation. In Eq. 
(1)  ,x t  - the angle of twisting the elastic body, I - the length moment of inertia relative 
─── Processes and Equipment ─── 
─── Ukrainian Food Journal.   2018.  Volume 7. Issue 3 ─── 503 
to the axis of rotation, G - the shift module, J - the equatorial moment of the cross section, 
, , , ,Q x
t x
  
   
 
   - the nonlinear in conjunction with a set of variables , ,
t x
 
 
 
  
periodic by 0t     function that describes the distribution of external forces moments 
along the body length relative to the axis of rotation (including the moments of resistance), 
and   - the frequency of periodic perturbation. 
In this case, the inertia force [20] of the conditionally selected element of the screw, the 
working medium of the length dx  and its moment relative to the axis of rotation are 
determined in accordance with the dependencies 
 
 . 12 ( )т
w u
Ф m m j k dx
t t
 
   
 
 
                          (2) 
 . . 1( ) 2 ,Фт т
u u
M i uj wk Ф m m u w idx
t t
            
   
                 (3) 
where  1 1m m x  - the mass per unit length of the auger conveyor crew.  
Similarly, the inertia force of the processed medium and its moment relative to the axis 
of rotation is defined, taking into account the medium motion along the deformed screw 
 
 . 2 .cер
w u
Ф m V j k dx
x x
       
 
                                 (4) 
 . .( ) 2 .
Ф
cер сер
u w
M i uj wk Ф m V u w idx
x x
           
   
                   (5) 
 
Other inertia forces of the processed medium continuous flow are not considered. The 
moment of the forces relative to the rotational axis of the working screw is zero and 
therefore does not affect its torsional oscillations. The above allows presenting a refined 
differential equation of torsional oscillations of the system ‘processed medium continuous 
flow - screw working body’ 
 
 
2 2
0
2 2
0 0
1
, , , ,
GJ
f x
I I t xt x
           
   
                              (6) 
 
0
0
GJ G
I


 
where:  
 1, , , , , , , , 2
u w u w
f x Q x m m u w mV u w
t x t x t t x x
                                             
   
      
G  - the shift module, 0I  - the length moment of the inertia relative to the axis of a working 
screw together with the processed medium, 0J  - the equatorial moment of the working 
screw cross-section and the values below are considered constant. 
Further calculations relate to the development and study of the differential equation 
solution (6) under boundary conditions 
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   0, , 0x x lx t x t                                       (7) 
 
which correspond to the twisting oscillations of the auger working body with free ends, and 
l - the distance between the bearings, in which it rotates. Based on the following physically 
grounded statements, the boundary problem Eq. (6), Eq. (7) can be solved:  
1. The maximum value of the right-hand side of differential equation Eq. (6) is a small 
value in comparison with the maximum value of the ‘restoring moment of torsion’, that is, 
the second summand of its left-hand side; 
2. Functions of the deflection    , , ,u x t w x t  of the screw working body are 
determined [21] by a wave form with an amplitude a , a wave number k
k
l


 , a 
frequency 
4
20
1
k
EIk
l m m
 
    

 , 0I  - the inertia moment of the working screw cross-
section relative to the neutral axis of the cross-section, which is perpendicular to the plane 
of oscillation. In this case, the right-hand side of differential equation Eq. (6) can be 
presented in the form 
 
      2 21 0, ,..., , , ..., 4 2 sin sin 2 sin 2 cos 2 ,k k k k k k k kf x Q x a m m x mV x t                  
 (8) 
where 0  - a constant. Thus, the problem solution was reduced to developing a solution of 
differential Eq. (6), considering Eq. (8) under boundary conditions Eq. (7).  
The most effective methods of studying ‘weakly nonlinear’ oscillatory systems with 
lumped masses or distributed parameters are methods based on the main idea of 
perturbation methods [22-25]. In relation to the considered problem, the application of the 
principle of one-frequency oscillations and the basic idea of the Bubnov Galerkin method 
[21, 29-30] allow reducing the boundary problem Eq. (6), Eq. (7) to integration of the 
system of ordinary quasilinear differential equations 
 
   
2
20
1 1 1 1 1
0 0 0
1 16
, sin ,..., sin sin 2
3
lGJ l
T t T Q x T x xdx a m m
l I lI l l
          
   

  
  

 
(9) 
 
 
2
20
2 2 2
0 0 0
2 1 2 2
, sin ,..., sin 4 cos 2
lGJ
T t T Q x T x xdx a lmV
l I lI l l
         
   

  
   
 (10) 
 
Based on dependences Eq. (9), Eq. (10), the most interesting cases of torsional 
oscillations from the theoretical and practical point of view are cases:  
а.    
4
20 0
0 1
2GJ EI
l I l m m
 
    
 
,                   b. 
4
20 0
0 1
2 2GJ EI
l I l m m
 
    
 
, 
c.    0
0
GJk
l I


 . 
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These cases are called resonant. The case (c) is defined by external factors, then, the 
cases (a) and (b) – by bending oscillations of the working screw. In addition, the case (a) 
considers purely bending oscillations and rotations of the working screw, then, the case (b) 
– the processed medium additional motion along the working screw, more precisely, the 
moment relative to the rotation axis of the Coriolis force of the inertia of the processed 
medium. 
 
Mathematical model discussion 
 
According to individual studies [26-28], combination resonances of higher orders are 
less important than the above-mentioned ones; 
The methods of studying the resonance phenomena on different frequencies do not 
fundamentally differ. Therefore, the general statements based on the generalization of the 
main idea of the Van der Pol method to the differential equation Eq. (9) or Eq. (10) are 
presented. 
Thus, the resonance oscillations under the conditions a), b), c) are described by the 
dependence       cosi i i iT t a t t t   , where i  is one of the frequencies, on which 
resonance oscillations are considered, and the parameters  ia t  and  i t  (the amplitude 
and phase difference of resonant oscillations) are determined by the differential equations: 
a.  For the resonance at the first angular rotation velocity of the screw working body 
 
 
2 2
1
12
1 0 0 0 0
2
1 1 1 1
1 0
1
, sin cos ,..., sin sin
2
16
,
3
lda
Q x a x x dxd d
dt l llI
l
a m m соs
I
   
 
  
  
   
    
 
 

           (11) 
 
 
4
20 01
1
0 1
2 2
2
2 1 1 1 12
1 1 01 1 0 0 0 0
2
1 16
, sin cos ,..., sin ;
32
l
GJ EId
dt l I l m m
l
Q x a x xсоs dxd d a m m sіn
l l a Ia lI
       
     
   
 
  
 
      
 
 
 
b.  For the resonance at the second angular rotation velocity of the screw working body 
 
2 2
2
12
2 0 0 0 0
2
2
2
2 0
1 2 2
, sin cos ,..., sin sin
2
2
sin ,
lda
Q x a x x dxd d
dt l llI
a Vlm
I
   
 


  
   
    
 



     (12) 
 
4
20 02
2
0 1
2 2 2
2
2 22
2 2 02 2 0 0 0 0
2 2
21
, sin cos ,..., sin ;
2
l
GJ EId
dt l I l m m
a Vlm
Q x a x xсоs dxd d cos
l l a Ia lI
 
      
   
   
 
  
 
     
 
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c.  For the resonance on the frequency of the external periodic perturbation 
 
   
2
3
3 3 3
0 0 0
1
, sin cos ,..., sin sin
2
lda
Q x a x xdxd
dt l I l l
    
  
  
     
 
        (13) 
 
   
2
3 0
3 3 3
0 1 0 3 0 0
1
, sin cos ,..., cos sin ,
2
ld GJ
Q x a x xdxd
dt l I l I a l l
      
  
   
      
 
 
 
where 01
0
GJ
l I


 , 02
0
2 GJ
l I


 . 
 
Consequently, the internal resonances occur only due to a certain correlation between 
the frequency of the own transverse and torsional oscillations, more precisely, due to the 
distribution of masses in the system ‘processed medium - auger working body’, its 
geometrical dimensions and the angular velocity of the working screw. According to 
equations Eq. (11) and Eq. (12), in Figure 1 and Figure 2, under the condition 
, ,. , ,
s
Q Q x
x t t
              
  
    ( , s  – steels), the amplitudes of torsional oscillations 
of the working screw during the transition through the resonance are presented for different 
lengths of the working screw, and different values of its densities (see figure 1), and 
different values of masses per unit length of the processed medium and its velocity (see 
Figure 2). 
On the basis of theoretical data it is shown the results of experimental researches of 
dependence of the productivity of the inclined іскуц conveyer from the internal diameter of 
casing of D, еру angle of slope of conveyer γ and frequency of rotation of working part n 
during the transporting of friable material (wheats). It is deduced the equation of regression 
for determination the productivity of transportion of wheat. 
During transportion of wheat : 
 
2 3 5 2
( , , ) 3,387 117,52 2,49 10 8,92 10 0,328 0,234 3,4 10 880D nQ D n D Dn n D
                
(14) 
 
On the basis ofthe experemental researches it was set the maximal value of the 
productivity – 6,4 t/hour, and minimum – 0,2 t/hour. The basic factors which influence on 
increasing the productivity are the external diameter of screw working part and amount of 
turns and at the increase of angle of slope of conveyer the productivity is reducing. 
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a 
 
 
b 
1 10m m   kg/m, 
112 10E    МN/ 2m , 
7 4
0 2.78 10I m
   , 111 1.6 10G    МN/
2m , 
11
2 1.4 10G    МN/
2m , 113 1.3 10G    
МN/ 2m , 3l m  
1 10m m   kg/m, 
112 10E    МN/ 2m , 
7 4
0 2.78 10I m
  , 111 1.6 10G    МN/
2m , 
11
2 1.4 10G    МN/
2m , 113 1.3 10G    
МN/ 2m , 2.5l m  
 
Figure 2. Change in the amplitude of torsional oscillations of the working screw during the 
transition through the resonance on the first frequency of transverse oscillations under the 
following values of parameters 
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b 
40m   kg/m, 1 10m   kg/m, 
112 10E    
МN/ 2m , 7 40 2.78 10I m
  , 111 1.3 10G    
МN/ 2m , 3l m  
20m   kg/m, 1 10m   kg/m, 
112 10E    
МN/ 2m , 7 40 2.78 10I m
  , 111 1.3 10G    
МN/ 2m , 3l m  
 
Figure 3. Change in the amplitude of torsional oscillations of the working screw during the 
transition through the resonance on the second frequency of transverse oscillations under the 
following values of parameters 
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a                                             b 
   
Figure 4 . Surface of review of the change of the productivity of conveyer Q during transportion 
as a functional:  
a – ( ) ( ; )QQ f D n ;                       b – ( ) ( ; )QQ f n   
 
 
Conclusions 
 
Based on the developed method of studying the torsional oscillations of the screw 
working auger conveyor with consideration of its transverse oscillations and the motion of 
the processed medium continuous flow, the following conclusions are made: 
1. The constant angular rotation velocity of the screw working body decelerates the 
frequency of the own bending oscillations of the screw working body; 
2. Relative movement of the processed medium along the screw working body, 
which rotates and performs transverse oscillations, acts additionally on the body as 
the periodic torque; 
3. According to the above-mentioned, the resonances can occur during the torsional 
oscillations of the screw working body on the first fundamental and the second 
frequencies of the twisting oscillations of the working body and on the frequency 
of external periodic perturbation; 
4. The amplitude of the transition through the resonance on the fundamental 
frequency of bending oscillations assumes smaller value for screw working bodies 
with greater torsional rigidity; 
5. The amplitude of torsional oscillations during the transition through the resonance 
on the second fundamental frequency is higher due to the larger values of the 
quantity of processed medium relative motion; 
n, rpm 
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6. The amplitude of torsional oscillations during the ‘fast’ transition through the 
resonance on the frequency of external or internal perturbations is smaller than 
during the ‘slow’ one. 
The obtained results can serve as a basis for choosing the basic technological and 
operational parameters of a screw multifunctional conveyor. The results reliability is 
confirmed by obtaining in the limiting case under 0V   the known [3], which relate to the 
influence of bending oscillations of the elastic screw on the torsional ones, without 
considering the motion of the processed medium. 
The results of modeling correlate (call) with the results of researches [1, 8, 15, 21, 29]. 
The received results should be followed for further planning the similar screw conveyers 
with similar changeable parameters. 
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